Abstract Children with Attention Deficit/Hyperactivity Disorder (ADHD) often have poor peer relationships, as evidenced by difficulties in being accepted and befriended by peers, as well as poor quality and stability in any friendships they do have. This peer impairment is important for researchers and clinicians to consider because it can exacerbate behavior problems, emotional maladjustment, and academic failure over time in children with ADHD. In this review, we highlight the important ways in which children with ADHD demonstrate impairment in their peer relationships. We argue that the traditional conceptualization of peer problems, which focuses on inappropriate behaviors within children with ADHD to explain their social difficulties, fails to take into account peer group factors that also contribute to the peer impairment seen in ADHD populations. Further, the predominant focus on changing the behavior deficits of children with ADHD has limited the design of effective treatments that address the multifaceted reasons for peer impairment in this population. We conclude with a discussion of implications and future directions for clinical intervention and research.
Introduction
Although social problems are not part of the diagnostic criteria for Attention Deficit/Hyperactivity Disorder (ADHD) [1] , impairment in peer relationships is a prominent associated feature of this condition [2, 3] . Peer impairment can be displayed in multiple ways [4, 5] , but common manifestations include children's high rejection and low acceptance in their peer group, and their tendency to have fewer, or no, reciprocated friendships [3] . In this review, we first describe the magnitude of the peer problems faced by children with ADHD, as well as the potential impact of these peer difficulties on children's subsequent behavioral, emotional, and academic maladjustment. We then discuss the predominant conceptualization of why these peer problems occur, which focuses on the inappropriate behaviors displayed by children with ADHD. Crucially, we argue why this conceptualization is incomplete, and suggest a broader perspective that accounts the contribution of the peer group to the poor social functioning of children with ADHD. We conclude with suggestions for future research and interventions based on this broader conceptualization that may be beneficial for ameliorating peer relationship problems among children with ADHD.
Further, elevated ADHD symptoms are associated with peer impairment among children in general education classrooms who do not necessarily meet formal criteria for the disorder [10] [11] [12] .
Researchers have found that children with ADHD are approximately four times more likely to be rejected by their peers relative to typical children [3] , even after periods of social contact as brief as a few hours [13, 14] . That is, using sociometric nomination methods where peers are asked to name classmates whom they like most and least, children with ADHD receive many "like least" nominations and few "like most" nominations from classmates [3, 15] . Other investigations have found that 52 -82 % of children with ADHD score greater than 1 standard deviation above their classroom mean in peer rejection [3, 16] .
In addition to being rejected by peers, children with ADHD demonstrate impairment in their friendships [17] . Friendship is a voluntary bond co-created by two individuals who expect to share safe, intimate, and rewarding experiences with mutual commitment, support, and validation of each other. Although peer acceptance and having friends tend to be correlated, it is possible for a child to be disliked by many (or most) peers and still have one or more good friends [18] . Nonetheless, research suggests that boys and girls with ADHD are nearly twice as likely as typically developing youth to have no friends in their classroom [3, 19] . In fact, one study found that fully 76 % of children with ADHD and comorbid conduct problems did not have a single reciprocated friend in their class [7] .
In addition to having a smaller number of friends, a further concern is poorer relationship quality (e.g., conflict, lack of closeness), as well as lack of stability, and the tendency to have friends with more behavior problems themselves, in any friendships children with ADHD do have [19, 20, 21•, 22, 23] . The few observational studies of interactions between children with ADHD and their friends suggest that children with ADHD tend to be less sensitive to their friends' needs and preferences, instead acting based on their own interests and attempting to control the play [20] . These same behavioral tendencies were found to predict prospectively a deterioration in friendship quality over time for children with ADHD, a pattern in marked contrast to that observed in the friendships of typically developing children [21•] .
Implications of Peer Problems for Maladjustment
Peer problems are concerning because they incrementally increase the likelihood that children with ADHD will experience subsequent behavioral and emotional maladjustment. Results from several investigations suggest that if children with ADHD are rejected by peers, this augments the risk associated with ADHD diagnostic status for depression, anxiety, delinquency, academic failure, eating pathology, and substance abuse in adolescence [24] [25] [26] . Recent evidence finds that, in addition to ADHD symptoms predicting peer problems, peer rejection may actually exacerbate ADHD symptoms over the course of a year [27•] . Being disliked by peers may compound adjustment problems, leading to cascading negative effects of peer problems over time. For instance, in one study, children's peer rejection predicted their poorer social skills 1 to 3 years later, which in turn predicted exacerbated peer rejection and poor emotional adjustment 6 years later in adolescence [28] .
The prospective link between peer rejection and subsequent academic problems is particularly robust. Such associations exist after statistical control of the original childhood levels of academic achievement [29] . For example, one study found that peer rejection and ADHD diagnostic status made independent contributions to academic achievement 5 years later, after statistical control of the baseline levels of achievement and IQ scores [24] . In another study, observations of peer victimization during class time predicted restricted growth within one academic year on students' state-based standardized reading achievement test scores, after statistical control of their previous reading achievement test scores, ADHD symptom severity, and ability grouping (i.e., tracking) in their classroom [30] . It is thought that peer problems incrementally contribute to emotional and behavioral maladjustment by (a) increasing children's loneliness, which contributes to depression and anxiety [31] ; (b) leading children to dislike school because they lack good social ties in that setting, which hampers academic learning [29] and encourages delinquency [32] ; and (c) depriving children of valuable opportunities to develop or practice social skills [33] .
Whereas findings have been relatively consistent in documenting the prospective relationships between peer rejection and subsequent maladjustment, results have been mixed for the effects of friendship on these outcomes. Some studies in samples of children with externalizing behavior or ADHD have found that having at least one good friend buffers the negative effects of peer rejection on maladjustment [34, 35] and receipt of victimization [36] . However, other work involving an ADHD sample found that only peer rejection, and not friendship, contributed to negative outcomes such as depression 6 and 8 years later [37] . The mixed results may be attributable to the fact that these studies have focused on the quantity of friends as a predictor, and have not considered friendship quality, stability, or the characteristics of the friends.
Historical Conceptualizations of Peer Problems in ADHD
To understand why children with ADHD experience difficulties in their peer relationships, researchers have predominantly, if not nearly exclusively, focused on the characteristics of children with ADHD that contribute to social rejection by their peers. For instance, there is a wealth of literature regarding the disruptive and offensive behaviors, lack of prosocial behaviors, and emotion regulation problems of children with ADHD that lead to peers' disliking [13, 15, 38, 39] .
Space limitations permit only a brief review of this research here. In one observational study conducted with 259 previously unacquainted children attending summer camp, not following activity rules, complaining, whining, teasing, and inattention to others best predicted peer rejection in children with ADHD [40] . Although aggression is robustly (and very rapidly) linked to peer rejection among children with ADHD, social isolation and lack of prosocial behavior may also predict children being less liked and more disliked by their peers [13, 15] . Moreover, a recent study with 172 children with ADHD found that poorer teacher-reported social self-control was associated with children's greater externalizing behavior, which was then linked to receiving fewer "like most" nominations from peers [38] . Other research suggests that social cognitive deficits such as poor perspective taking skills, reduced empathy, theory of mind problems, overestimation of one's own social competence, social information processing biases, and sensation seeking goals may also contribute to the peer problems of children with ADHD [41] [42] [43] [44] [45] . These findings are essential to understanding how problem behaviors and social skills deficits in children with ADHD lead to peer rejection.
Whereas this literature adds important information toward understanding the considerable peer impairment faced by children with ADHD, this framework neglects to examine the ways in which peers also contribute to these social problems. Peer relationships are inherently bidirectional, reflecting a back and forth process between children with ADHD and their peers; nonetheless, the focus of the current literature has remained largely on the rejected child with ADHD and rarely on the peers who are rejecting the child with ADHD [46] . To understand why peer rejection persists and how peer relationships can be improved for children with ADHD, further exploration into peers' contributions is imperative. The framework of focusing on the inappropriate social behaviors of children with ADHD to explain their peer impairment is not only apparent when reviewing the existing literature, but also reflected in the most commonly used interventions for peer problems among children with ADHD.
Social Contextual Factors in Peer Problems
Although we agree that disruptive behavior and lack of prosocial skills on the part of children with ADHD do contribute to their peer problems, we shift the existing paradigm by also addressing the contribution of the peer group (see Fig. 1 ). That is, inappropriate behaviors within children with ADHD are well-documented to be important contributors to their peer problems. However, we argue that the exclusive focus on behavior deficits as explaining the peer problems of children with ADHD is an incomplete conceptualization [46] . Below, we list three peer group influences that may contribute to peers' dislike (i.e., social devaluation, exclusionary behavior, and reputational bias), above and beyond the behavior deficits of disliked children. In each case, we explain why such peer group influences may be particularly relevant to explaining the social impairment of children with ADHD. However, we note that these same peer group factors may pertain to children who are disliked for reasons other than ADHD.
Social Devaluation. Peer problems experienced by children may be influenced, in part, by peers' stigmatizing attitudes toward disliked children. Research suggests that peers socially devalue classmates whom they perceive as dissimilar from themselves [47] ; for this reason, children with internalizing problems are relatively better socially accepted in classrooms where there is more internalizing behavior present, whereas children with externalizing problems are relatively better accepted in classrooms where externalizing behavior is the peer group norm [48] . The point of this research is not to deny the contribution of children's own internalizing or externalizing behavior to their peer problems, but rather to emphasize that the extent to which peers have a culture that devalues certain behaviors also affects the severity and magnitude of peer impairment that a child with such inappropriate behavior is likely to experience. Indeed, peers will also socially devalue (and reject) classmates who are dissimilar from themselves for other reasons that do not relate to behavior problems, such as being of a different race or ethnicity [49] .
Children with ADHD are a population for whom peers' social devaluation is likely to be especially severe. Relative to peers' automatic reactions toward children with physical Fig. 1 Children's behavior deficits and peer group influences as contributors to social problems health conditions, depression, and anxiety, peers possess the most negative automatic judgments about children displaying hyperactive/impulsive behaviors and most view these children as responsible for their actions [50] . Perceptions that children can control their problem behavior have been found to mediate the relationship between ADHD symptoms and peer rejection [51] . The label of ADHD may also evoke social devaluation beyond the specific behaviors associated with this disorder, as even when targets' behaviors are held constant, peers make more negative social judgments about targets whose behaviors have been labeled as "due to ADHD" as opposed to when such a label is not provided [52, 53] .
Exclusionary Behavior. Being on the receiving end of peers' exclusionary behavior may also intensify peer problems. Peers can be cruel toward children whom they dislike; one study taking place in general education classrooms observed rejected children via wireless "bugging" and categorized 32 types of rejecting behaviors that peers enacted against these children such as saying mean things within earshot, preventing access to information or resources, spreading rumors/lies, taking or destroying possessions, in addition to overt physical aggression [54] . Being the recipient of exclusionary peer behavior can then exacerbate the disliked child's original levels of peer rejection, because such peer behavior broadcasts that the child is low status and discourages other children who might have included the child from doing so [30, 55] .
Although the aforementioned studies have taken place using community samples, this process is likely especially relevant for children with ADHD. This is because the mere expectation that a child has ADHD may be sufficient to induce exclusionary peer behavior, above and beyond the actual inappropriate behaviors of that child. In a series of studies where child participants were either told or not told that a partner with whom they were about to interact had ADHD, observers rated the participants as less friendly and more hostile when participants expected the partner to have ADHD (even when the partner was in fact typically developing) [56, 57] .
Reputational Bias. Once peers become inclined to view a child negatively, it is difficult to revise their impressions. Studies about the persistence of negative reputations find that peers interpret the ambiguous behaviors of children they dislike as hostile in intent, selectively remember their unskilled behavior, and make internal, global, and stable attributions for their poor behaviors [58] . Meanwhile, similar actions performed by well-liked children are perceived benignly [59, 60] . Note that these studies have taken place using community samples, so this process is not specific to disliked children with ADHD.
Although peers may develop negative impressions of a child because that child has behaved badly, an implication is that even if a child with ADHD improves his or her behavior, the peer group may process that child's actions in a way that leads them to maintain their negative views. Thus, even if interventions produce improvements in the inappropriate behaviors of a child with ADHD, these interventions have not produced the changes in the peer group's cognitive biases that may be necessary for peers' acceptance and friendship.
Implications of the Social Contextual Model for Interventions
Existing treatments for ADHD typically involve a combination of psychosocial behavioral management and medication. Whereas these approaches are intended to reduce ADHD symptoms broadly, it is thought that they should also be beneficial for children's peer problems because they reduce children's disruptive behavior and may increase prosocial behavior. Crucially, these approaches share a fundamental assumption: that behavior deficits on the part of children with ADHD are the predominant (or exclusive) cause of their peer problems, and that if children remedy their inappropriate behaviors, peers will notice these changes and respond with liking.
Whereas behavioral management [61•, 62] and medication approaches [63, 64] have robust empirical support for ameliorating children's inappropriate behaviors, improvements in peers' liking often fail to follow. For example, the Multimodal Treatment Study of Children with ADHD (MTA) is the most comprehensive intervention study to date in this population. Children received 14 months of intensive behavioral management involving instructing both the parent and the teacher to implement the procedures and regular social skills training lessons, and/or 14 months of intensive medication, as compared to a control group that did not receive treatments provided by study personnel. Despite indication that disruptive behaviors as well as prosocial behaviors had improved (particularly for the children receiving both medication and behavioral management as well as medication alone) [63] , children with ADHD did not demonstrate improvements in their peer rejection and friendlessness when assessed via sociometric nominations in their classrooms [65] . As discussed by the authors, it is perplexing that the state-of-the-art treatments, empirically supported for ADHD symptoms and delivered under ideal circumstances, failed to improve peer relationships.
Social skills training is typically therapist-led instruction to children about appropriate social behavior, and is intended to more directly target the behavior deficits thought to be maintaining the peer problems of children with ADHD [66, 67] . However, based on significant studies finding no benefit of intensive social skills training on the peer relationships of children with ADHD [68, 69] , three recent major reviews have concluded that this approach is ineffective for ADHD populations, at least as is provided in traditional clinic-based settings [61•, 70, 71] .
In sum, existing approaches to improve peer problems in children with ADHD are largely ineffective, in particular when the gold standard outcome of sociometric nominations are used. We argue that the poor efficacy of existing interventions for peer problems is a function of their failure to consider the contribution of the peer group (see Fig. 1 ). That is, existing interventions focus on remediating poor prosocial skills and disruptive behavior within the child with ADHD and ignore the influences of the rejecting peers. However, behavior change in the child with ADHD may be a necessary, but not sufficient, condition to result in peers' acceptance. As such, these interventions may not be maximally efficacious unless they incorporate procedures to address the peer group factors that also contribute to peer impairment for children with ADHD [46] .
Examples of Interventions Following the Social Contextual Model
Below we briefly present two examples of interventions from our work that attempt to address these social contextual factors in the peer group that contribute to peer problems among children with ADHD. The aim of this work is to improve the efficacy of treatments for peer problems in ADHD populations.
Making Socially Accepting Inclusive Classrooms. Making Socially Accepting Inclusive Classrooms (MOSAIC) is a classroom-based intervention in which teachers are instructed to encourage peers to be inclusive and welcoming toward children with ADHD; these teacher practices are meant to address the negative cognitive biases that peers frequently possess toward children with this condition [72•, 73] . As shown in Fig. 1 , to address social devaluation, teachers are encouraged to develop genuine, warm, and positive relationships with children with ADHD, as these are thought to set a model for peers to follow. To address exclusionary peer behavior, teachers set (and enforce) clear classroom rules for social inclusion and arrange activities to facilitate the formation of positive social bonds. To address reputational bias, teachers explicitly call attention to genuine strengths of children with ADHD. In addition, to address the behavior deficits of children with ADHD, MOSAIC teachers are also trained to institute classroom behavioral management procedures and social skills training lessons, empirically supported to reduce ADHD symptoms and disruptive behavior [63, 74] . This is because the theory behind MOSAIC is that addressing the behavior deficits in children with ADHD is a necessary, but not sufficient condition for increasing peers' liking and dyadic friendship.
In a small randomized pilot study, the efficacy of MOSAIC was tested in a sample of 24 children with ADHD participating in a 2-week summer day camp with 113 typically developing peers. All children were previously unacquainted before the start of camp. The children with ADHD were assigned using a repeated measures crossover design to classrooms where the teacher was trained to deliver either (a) MOSAIC; or (b) the behavioral management and social skills training components of MOSAIC (to improve socially competent behavior in children with ADHD) without the components to increase peers' inclusiveness toward children with ADHD. The aim of this study was to isolate the potential incremental efficacy of components targeting peer group factors on improving children's peer functioning.
Results suggested that children with ADHD were better liked and less disliked by peers, and had more reciprocated friendships, as assessed via sociometric measures, when they were in classrooms where MOSAIC was added to behavioral management and social skills training [72•] . These results were supported by observations of peers behaving more positively toward children with ADHD in classrooms where MOSAIC was present, relative to in the comparison condition [72•] . Notably, the typically developing classmates also showed improved peer sociometric functioning in the MOSAIC condition relative to in the comparison condition, albeit with smaller effect sizes than did the children with ADHD [73] .
Parental Friendship Coaching. The Parental Friendship Coaching (PFC) intervention consists of parent groups where instruction is provided about how parents can become "friendship coaches" for their children with ADHD [75] . Unlike typical social skills training interventions, PFC has no child treatment component and instead focuses on training the parents to address peer group factors. Specifically, PFC is predicated on the theory that changing the child's standing within the peer group at large may be challenging (or something that is not feasible for parents to undertake). However, parents play a significant role in helping their children develop close, high quality, dyadic friendships, particularly by arranging one on one playdates for their child with potential friends [14, 76] . Strengthening their children's dyadic friendships may be a worthwhile pursuit that may ultimately benefit the child with ADHD even if his or her peer rejection in the classroom at large does not change [77] .
In PFC (see Fig. 1 ), parents address social devaluation by networking and building good relationships with other parents, which can help other parents and their children develop more accepting views of the child with ADHD. Parents are instructed to address exclusionary peer behavior and reputational bias by arranging fun, structured playdates where the child with ADHD and the friend (a) need to work together in order to succeed at the task and must involve one another; and (b) are likely to have a fun, positive experience. Importantly, in PFC, as in MOSAIC, parents are also taught ways to address the behavior deficits of children with ADHD through behavioral contingency management and instruction in social skills, and apply these methods to reduce disruptive behavior and increase prosocial behavior during playdates.
A pilot study involved families of 62 children with ADHD, randomly assigned to receive PFC or to be in a no-treatment control group. Children whose parents received PFC were reported by parents to show better social behaviors, and were reported by teachers (who were unaware of whether the family was provided the intervention) to be more accepted and less rejected by their peers, relative to children whose parents were in the control group [75] . Observations of warm, non-critical, and instructive parental coaching behaviors were more frequent among parents who had received PFC, and these parental behaviors partially mediated the effect of the intervention on children's peer relationships (as reported by parents and teachers), providing support for the theoretical model of change [75] .
Limitations of these Interventions. Despite the findings that children with ADHD demonstrated statistically reliable gains in peer functioning after receiving MOSAIC as well as PFC, there are several limitations to these results. First, in both studies peer functioning of treated children with ADHD remained approximately 1 standard deviation below the peer functioning of typically developing children [72•, 75] . The one exception to this was that for boys with ADHD in MOSAIC, data suggested that the number of reciprocated friendships matched those obtained by the typically developing sample [72•] . Therefore, most children with ADHD remained impaired in their peer relationships after treatment, despite having made gains.
A second limitation of these findings pertains to uncertainty regarding how long intervention effects will persist after the discontinuation of treatment. We note that in general, there are few interventions for ADHD that demonstrate sustained benefits after treatment discontinuation [78] , and longer followups of MOSAIC and PFC are needed. Another issue is that only the small pilot study of MOSAIC [72• ] compared the study treatment against an active attention control condition to match participants' expectations for improvement. Finally, demonstration of efficacy on sociometric measures of peer regard, in addition to efficacy on measures of social behaviors, is important. Although sociometric measures were included in the trial of MOSAIC, they were not part of PFC. In an attempt to address these gaps in the existing literature, we are currently undertaking a new trial of PFC that contains a longer followup period, an active attention control treatment condition, sociometric outcome measures, and multidimensional assessment of friendship outcomes (e.g., number of friends, friendship quality, behavioral characteristics of friends).
Conclusions
Peer problems are a persistent and treatment refractory area of impairment for the population of children with ADHD. Currently there is no intervention that normalizes the peer functioning of children with ADHD, even if the intervention is associated with improvement. As such, there remains a clear and persistent need for better interventions for peer problems in this population. Because nearly all existing approaches focus on changing the behavior deficits of children with ADHD, an exciting future direction may be to investigate approaches aimed at helping the typically developing peer group to reduce stigma about ADHD behaviors and enhance acceptability of individual differences [72•, 73] . We propose that interventions that combine approaches targeting the inappropriate behaviors of children with ADHD with approaches to increase the inclusiveness of the peer group may be most likely to normalize social functioning in ADHD populations.
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